ABSTRACT Summary: affylmGUI is a graphical user interface (GUI) to an integrated workflow for Affymetrix microarray data. The user is able to proceed from raw data (CEL files) to QC and pre-processing, and eventually to analysis of differential expression using linear models with empirical Bayes smoothing. Output of the analysis (tables and figures) can be exported to an HTML report. The GUI provides user-friendly access to state-of-the-art methods embodied in the Bioconductor software repository. Availability: affylmGUI is an R package freely available from http:// www.bioconductor.org. It requires R version 1.9.0 or later and tcl/tk 8.3 or later and has been successfully tested on Windows 2000, Windows XP, Linux (RedHat and Fedora distributions) and Mac OS/X with X11.
BACKGROUND
The Bioconductor project (Gentleman et al., 2004) is an enormous repository of academic software for the analysis of genomic data, especially the analysis of microarray data. The use of cutting-edge methodology implemented in Bioconductor packages can greatly improve the power and consistency of experimental results Kooperberg et al., 2005) . Yet the command-line computing environment (R Core Development Team, 2005) used for Bioconductor is very challenging for users without programming experience. There is a pressing need for a menu-driven or graphical user interface (GUI) for the Bioconductor packages to allow biologists to access the methodology without becoming R programmers. Wettenhall and Smyth (2004) earlier described a GUI software package, limmaGUI, for the analysis of two-color spotted microarrays. Here we describe a GUI for the analysis of Affymetrix GeneChip data (http://www.affymetrix.com). Although the overall design and philosophy of the new package is similar to that of limmaGUI, Affymetrix data require different analysis tools.
affylmGUI provides an interface to the affy, gcrma, affyPLM and limma packages of Bioconductor. The software is itself implemented as an R package and uses the interface to Tcl/Tk provided by the R package tcltk. The package enables users to pre-process and visualize their data and generate lists of putatively differentially expressed genes (Gierer et al., 2005) . Users have a choice of several state-of-the-art pre-processing methods for Affymetrix CEL files and advanced statistical methods for assessing differential expression. The package provides powerful statistical methods for dealing with small sample sizes and with complex experiments involving many different RNA sources. The package is therefore most useful in those experimental situations which are the most challenging.
SESSION CONTROL
The analysis session is controlled via a main window. A session begins by prompting the user to specify a targets file. The targets file is a tab-delimited text file specifying the Affymetrix CEL files to be analyzed and the source of RNA hybridized to each chip. A valid targets file features a 'Name' column, containing a unique identifier for each array; a 'Filename' column, specifying the corresponding CEL file and a 'Target' column which indicates the different RNA sources, thereby specifying which arrays are replicates. A session can be saved at any time and reloaded at a later point. An option to export an HTML report featuring diagnostic plots, summary plots and lists of differentially expressed genes is available.
PRE-PROCESSING AND QUALITY ASSESSMENT
After the targets file has been read, the expression data are read from the CEL files using the affy package. At this point, the user may produce several diagnostic plots, including MA-plots of the perfect match probes and histograms of the raw intensities. Quality assessment is followed by background correction, normalization and summarization of the probe-level data into probe-set expression values. These three steps are accomplished by one of three algorithms, namely Robust Multi-Array Analysis (RMA) (Irizarry et al., 2003; Gautier et al., 2004) , GCRMA Ã To whom correspondence should be addressed. (Wu et al., 2004) or Robust Probe Level Models (RPLM) (Bolstad, 2005) . GCRMA differs from RMA only in the background correction step, using probe sequence information to help estimate the background. This gives more accurate fold changes at the expense of marginally lower precision. RPLM differs from RMA only in the summarization step, using robust M-estimators rather than median polish to summarize the probe-level measurements. If this option is selected, additional quality assessment can be performed by plotting false-color images of the weights from the robust regression to look for spatial artifacts or for whole chips that are outliers . If a chip is of very poor quality, the user may wish to omit it; this requires the creation of a new targets file which does not contain the aberrant chip.
DIFFERENTIAL EXPRESSION
After probe-set expression summaries are obtained, the user can proceed to differential expression. The approach taken by the limma package is to analyze the differential expression in terms of linear models (Smyth, 2005) . This approach has many advantages as it allows very general experiments to be analyzed in a unified framework, including factorial, saturated or loop designs and time course experiments, but it requires some mathematical sophistication. It requires the user to specify two matrices, the design matrix, which provides a representation of the RNA targets that have been hybridized to the arrays, and the contrast matrix which defines which comparisons between the RNA targets are of interest to the experimenter. affylmGUI greatly eases this process by largely automating the formation of the two matrices. The design matrix is constructed without user intervention. A set of dialogs help the user to define a set of comparisons of interest from which the contrast matrix is constructed (Fig. 1 ). This could be as simple as a comparison between two groups (e.g. mutant versus wild-type), or something more complicated such as an interaction effect in a factorial design or contrasts in a time course experiment. In simple situations the comparisons are easily selectable using drop-down menus. In more complex situations the contrast matrix is specified using the 'Advanced' option in the contrast definition dialog.
A number of statistics for differential expression are provided. For each contrast, affylmGUI returns the log 2 -fold change, the moderated t-statistic, P-value and the posterior log-odds of differential expression. This moderated t-statistic is similar to an ordinary t-statistic but with standard errors shrunk towards a common value using empirical Bayes methods (Lönnstedt and Speed, 2002; Smyth, 2004) . This provides more stable inference and is particularly effective when the number of replicates is low (Kooperberg et al., 2005) . The log-odds of differential expression, or B-statistic, is a Bayesian measure which is essentially equivalent to the moderated-t for ranking purposes. When two or more comparisons have been done, the moderated F-statistics are also computed.
The differential expression results can be presented in tables or plots. The estimated fold changes may be displayed in MA-plots. The user can display (or export) a table of the top genes for each contrast, ranked in order of log 2 -fold change, moderated t-statistic, P-value (adjusted for multiple testing, using one of six different methods) or B-statistic. If there are multiple comparisons for each gene, Venn diagrams and heat diagrams can also be generated.
NON-STANDARD ANALYSES
If analysis methods or plots other than those available in affylmGUI are desired, a command-line window is provided which allows the user to interact directly with R. More adventurous users have in this way complete flexibility to access the full power of the underlying packages.
Arbitrary R code can be executed. For example, the user may want to view a list of all objects in the workspace with the function ls(). Doing this after reading in the CEL files would reveal that there is an object called RawAffyData. Suppose a user wishes to use the Affymetrix MAS5 algorithm for pre-processing rather than the algorithms in the affylmGUI menus. This could be achieved by passing RawAffyData to the expresso() function with parameters indicating that MAS5 is desired. Storing the result of this procedure in an object called NormalizedAffyData will ensure that it is recognized by affylmGUI for the purposes of creating plots and fitting linear models.
Any code that is used frequently can be saved and incorporated into the pull-down menus. 
